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$\Omega$ – (1 ) , ,
$\nabla\cdot u^{*}=0$ , (1)
. ,




. , $u^{*}(x, t)$ , $\omega^{*}=\nabla\cross u^{*}$ , $P$ , $x$
. $\Omega$ $u=u^{*}-\Omega\cross x$ ,
$\omega=\nabla\cross u(=\omega^{*}-2\Omega)$ . (1) $-(3)$ , ,
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$\nabla\cdot u=0$ , (4)
$\frac{\partial}{\partial t}u+\frac{\mathrm{d}}{\mathrm{d}t}\Omega\cross x+(u\cdot\nabla)u=2u\cross\Omega-\nabla[p-\frac{1}{2}(\Omega\cross x)^{2}]+\nu\nabla^{2}u$, (5)
$\frac{\partial}{\partial t}\omega+2\frac{\mathrm{d}}{\mathrm{d}t}\Omega+(u\cdot\nabla)\omega=[(\omega+2\Omega)\cdot\nabla)u+\nu\nabla^{2}\omega$ (6)
.
( 21 ). $x=$
$(x_{1}, x_{2}, X_{3})$ . $x_{3}$ $x_{3}^{*}$ – . – , $\Omega\equiv\Omega^{R}=(0,0, \Omega^{R})$
. , $x_{2}$ – –
$U=(Sx_{2},0,0)$ ( $S>0$ ) . $u=U+u^{J}$ , $\omega=(0,0, -S)+\omega’$
. $u^{J}$ $\omega’$ . (4) $-(6)$ , $u_{i}’$ $\omega_{i}’$
$(i=1,2,3)$ ,
$\frac{\partial u_{j}’}{\partial x_{j}}=0$ , (7)
$\frac{\partial u_{i}’}{\partial t}+Sx_{2^{\frac{\partial u_{i}’}{\partial x_{1}}}}+u_{j^{\frac{\partial u_{i}’}{\partial x_{j}}=}}’-^{s_{u_{21}}}J\delta_{i}+f\epsilon ij3u_{j}’-\frac{\partial p’}{\partial x_{i}}+\nu\frac{\partial^{2}u_{i}’}{\partial x_{j}^{2}}$ , (8)
$\frac{\partial\omega_{i}’}{\partial t}+Sx_{2^{\frac{\partial\omega_{i}’}{\partial x_{1}}}}+u_{j}^{J}\frac{\partial\omega_{i}}{\partial x_{j}}=s_{\omega^{J}}2\delta i1+(f-^{s})\frac{\partial u_{i}’}{\partial x_{3}}+\omega_{j}^{J}\frac{\partial u_{i}’}{\partial x_{j}}+\nu\frac{\partial^{2}\omega_{i}’}{\partial x_{j}^{2}}$ (9)
. $p’$ , $\nu$ , $f=2\Omega^{R}$ .
. , $x_{1}$ –
, (8), (9) ,
$\frac{\partial u_{i}’}{\partial t}+u_{j2\iota f-}’\frac{\partial u_{i}’}{\partial x_{j}}=-Su’\delta i+\epsilon_{i}j3u’j\frac{\partial p’}{\partial x_{i}}+\nu\frac{\partial^{2}u_{i}’}{\partial x_{j}^{2}}$ , (10)
$\frac{\partial\omega_{i}’}{\partial l}+u_{j^{\frac{\partial\omega_{i}’}{\partial x_{j}}}1}’=^{s\delta_{i}}\omega_{2}’+(f-s)\frac{\partial u_{i}’}{\partial x_{3}}+\omega_{j}’\frac{\partial u_{i}’}{\partial x_{j}}+\nu\frac{\partial^{2}\omega_{i}’}{\partial x_{j}^{2}}$ (11)
. $Sx_{2}\partial u^{J}i/\partial x_{1}$ $S_{X_{2}}\partial\omega_{i}’/\partial x_{1}$ .
, , $f=S$ , $u_{1}’$
.
(10), (11) 2 . $x_{1}$
, 3 .
$f=S$ , $\omega_{1}’$ (11) 1 $\omega_{2}’$ . 3
\S 3.2 . , (10), (11)








, $u_{rms}(t)$ $\omega_{\Gamma ms}(t)$ ,
$u_{rms}(t)=\sqrt{\overline{u_{i}’(t)^{2}}}$, $\omega_{ms},.(t)=\sqrt{\overline{\omega_{i}’(i)^{2}}}$ (14)





$Ro^{(^{\{})}(x, t)=- \frac{S-\omega_{3}’}{f}$ (16)





$(Ro^{(}s)<0)$ . $|Ro^{(}s$ ) $|=\infty$ – , .
– , $-\infty<Ro^{(S)}<-1$
$x_{3}$ , .









, $k_{0}$ . $c,$ $k_{0},$ $S$
$R_{\lambda}(0)$ , $f$ ( 1 ). $B=f(f-S)/s^{2}$





3.1 $(Ro^{(}s)=-1,$ $f=1)$ $St=8$
$(\omega’\geq 3.5S)$ . $\omega_{1}’>0$ , $\omega_{1}’<0$ . $2\pi \mathrm{x}\pi\cross\pi$





31 $Ro^{(S)}=-1$ $St=8$ .
. $x_{2}$ $10^{0}\sim 30^{0}$
. . ,














32 $Ro^{(S)}=-1$ . (a) $St=2,$ $(\mathrm{b})4,$ $(\mathrm{c})6,$ $(\mathrm{d})8,$ $(\mathrm{e})10,$ $(\mathrm{f})12$ .
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32 .
, $(0,4 \pi)\cross(\mathrm{o}, \frac{3}{4}\pi)\cross(0, \frac{3}{4}\pi)$ $x_{3}$
. $\omega_{rms}=2.8S$ , 31 .
(a) $St=2$ (f) 12 ,
.
, . 33 , $x_{1}$
. $\omega_{1}’$ $\omega_{2}’$ 2
$\theta_{\omega\omega}=\frac{1}{2}\tan^{-1}(\frac{2\langle\omega_{1}\omega_{2}\rangle}{\langle\omega_{1}^{2}\rangle-\langle\omega_{2}^{2}\rangle})$ (18)
. , $\langle\rangle$ . $\sqrt{\omega_{1}^{2}+\omega_{2}^{2}}-\langle\sqrt{\omega_{1}^{2}+\omega_{2}^{2}}\rangle$
$Q_{12}(r)$ , $Q_{12}(r)\leq c$ ( $c=1/8$ )
$I_{ij}= \int_{V}r_{i}r_{j}dV$ (18) (Kida&Tanaka 1994). $\theta_{\omega \mathrm{t}v}$
, $\theta_{1,2}$ . <-- . ,
$St\geq 10$ $15^{0}$ . $R_{\lambda}(0)$
.





. , $u_{i}’(i=1,2,3)$ ,
$( \frac{\partial}{\partial t}-\nu\nabla^{2})u_{1}’=-sx_{2^{\frac{\partial u_{1}’}{\partial x_{1}}}}-(u^{J}, \nabla)u’1-\frac{\partial p’}{\partial x_{1}}$ , (19)
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$( \frac{\partial}{\partial t}-\nu\nabla^{2})u’=-2Sx_{2^{\frac{\partial u_{2}’}{\partial x_{1}}}}-(u’\cdot\nabla)u_{2}’-su_{1}’-\frac{\partial p’}{\partial x_{2}}$ (20)
$( \frac{\partial}{\partial t}-\nu\nabla^{2})u_{3}’=-Sx_{2^{\frac{\partial u_{3}’}{\partial x_{1}}}}-(u\cdot\nabla J)u’-3\frac{\partial p’}{\partial x_{3}}$ (21)
. , $u_{1}’$ – $x_{2}$
$x_{1}$ . , $u_{2}’$ (20)
, 3 , $x_{2}$
, $x_{2}$ .
, $\omega_{i}’(i=1,2,3)$ ,
$( \frac{\partial}{\partial t}-\nu\nabla 2\mathrm{I}\omega_{1}’=-sx2\frac{\partial\omega_{1}’}{\partial x_{1}}-(u’\cdot\nabla)\omega_{1}+s\prime\prime\omega_{1^{\frac{\partial u_{1}’}{\partial x_{1}}-\frac{\partial u_{3}’}{\partial x_{1}}}}’\omega 2+\frac{\partial u_{1}’}{\partial x_{2}}+\frac{\partial u_{2}’}{\partial x_{1}}\frac{\partial u_{1}’}{\partial x_{3}}$ , (22)
$( \frac{\partial}{\partial t}-\nu\nabla 2)\omega=-^{s}\prime 2x2^{\frac{\partial\omega_{2}’}{\partial x_{1}}}-(u’\cdot\nabla)\omega_{2}’+\frac{\partial u_{3}’}{\partial x_{2}}\frac{\partial u_{2}’}{\partial x_{1}}+\omega^{J}\frac{\partial u_{2}’}{\partial x_{2}}2-\frac{\partial u_{1}’}{\partial x_{2}}\frac{\partial u_{2}’}{\partial x_{3}}$, (23)
$( \frac{\partial}{\partial t}-\nu\nabla 2)\omega’-3=s_{x_{2}\frac{\partial\omega_{3}’}{\partial x_{1}}(u’\cdot\nabla)}-\omega_{\acute{3}}-\frac{\partial u_{2}’}{\partial x_{3}}\frac{\partial u_{3}’}{\partial x_{1}}+\frac{\partial u_{1}’}{\partial x_{3}}\frac{\partial u_{3}’}{\partial x_{2}}+\omega^{J}3\frac{\partial u_{3}’}{\partial x_{3}}$ (24)
.
$\omega_{1}’,$ $\omega’\omega 2’ 3J$ , (22)$-(24)$ $\langle\omega_{1}^{\prime 2}\rangle,$ $\langle\omega_{12}^{;_{\omega};}\rangle,$ $\langle\omega_{2}^{\prime 2}\rangle)\langle\omega_{3}^{\prime 2}\rangle$
. $2(\mathrm{a}),$ $(\mathrm{b}),$ $(\mathrm{c}),$ $(\mathrm{d})$ . $2(\mathrm{a}))(\mathrm{b})$ $\langle\omega_{1}^{\prime^{2}}\rangle$ $S\omega_{1}^{JJ}\omega_{2}$
, $\langle\omega_{1}’\omega_{2}’\rangle$ $S\omega_{2}^{\prime 2}$ . –
$S\omega_{2}’$ . $\omega_{1}’$ – , $\omega_{2}’$
. $2(\mathrm{c})$ $\langle\omega_{2}^{\prime^{2}\rangle}$ $-\omega_{2}’\partial u’/1X\partial 2\partial u’2/\partial_{X}3$
. $\omega_{2}’$ $\omega_{3}’$
. , $\omega_{2}^{\prime 2}\partial u_{2}^{J}/\partial_{X_{2}}$ . $2(\mathrm{d})$ ,
$\langle\omega_{3}^{\prime 2}\rangle$ $\omega_{3}^{\prime 2}\partial u_{3}/J\partial_{X_{3}}$ . ,
. $\omega_{2}’$ $x_{2}$ . $\omega_{1}’$ –
$\omega_{2}’$ . $\langle\omega_{1}’\omega_{2}’\rangle$ ,
(18) $\theta_{\omega\omega}$ .
, $(x_{1)}x_{2})$
. 34 $\partial u_{1}’/\partial x_{2}$ $-\omega_{21}’\partial u’/\partial x_{22}\partial u’/\partial x_{3}$ . $\partial u_{1}’/\partial x_{2}>0$




$2(\mathrm{a})$ . $\langle\omega_{1}^{\prime 2}\rangle$ ^ .
$2(\mathrm{b})$ . $\langle\omega_{1}’\omega_{2}^{J}\rangle$ .
$2(\mathrm{c})$ . $\langle\omega_{2\rangle}^{\prime 2}$ ^ .
2(d). $\langle\omega_{3\rangle}^{\prime^{2}}$ ^ .
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34 $St=8$ $\partial u_{1}’/\partial x_{2}$ \mbox{\boldmath $\omega$}2’ $\partial u_{1}’/\partial x2\partial u_{2}’/\partial x_{3}$ .
, Kawahara et $\mathrm{a}1.(1997)$ $\alpha,$ $\beta$
. $\alpha$ $x_{1}$ , $\beta$ $(x_{1}, x_{2})$
, $x_{3}$ . $0\leq\alpha\leq\pi,$ $-3\pi/2\leq\beta\leq\pi/2$
. , $(\alpha, \beta)=(\pi/2, -\pi/2)$
.
(a) (b)
35 $\langle\omega^{*\prime 2}\rangle$ $St=8$ $(\alpha, \beta)$ . (a) $Ro^{(S)}=\infty,$ $(\mathrm{b})Ro(s_{)}=-1$ .
$\omega^{*}$ ’ $\langle\omega^{*J}\rangle 2$ $(\alpha, \beta)$ 35 .
$\langle\rangle$ $St=8$ . (a) $(Ro^{(}s)=\infty)$ ,
(b) . $\langle\omega^{*}\rangle$’ $\beta=-\pi/2$
– .
$\beta=\pi/2$ $-3\pi/2$ . $\beta=0$ $\beta=-\pi$ $x_{1}$
, . $(\alpha--\pi/2, \beta=-\pi/2)$
, $((\alpha, \beta)=(0,0),$ $(\pi, -\pi))$





– . $\langle\omega^{*}\rangle$’ $\alpha=0$ $\pi$ . 3.1 3.2
. , (b) $0<\beta<\pi/2$
$-\pi/2<\beta<0$ $\langle\omega^{*}\rangle$’ , $-\pi/2<\beta<0$ ^ .
$Ro^{(l)}<-1$ , - , $0<\beta<\pi/2$ $Ro^{(l)}>-1$ . ,
$(x_{1}, x_{2})$ , .
. .
36 . (a) $\omega’j\partial u_{i}’/\partial Xj$ ; $Ro^{(S)}=-1,$ $(\mathrm{b})(f-S)\partial u_{i}^{;}/\partial X_{3}$ ; $Ro^{(S)}=-0.9$ ,
(c) $(f-S)\partial u_{i}’/\partial x\mathrm{s}$ ; $Ro^{(S)}=-1.1$ . $St=8$ .
$3.6(\mathrm{a})$ ,
. (9) $\omega_{j}’$ \partial u}/ , (22)$-(24)$ 3 .
. , $-\pi/2<\beta<\pi/2$ .
$Ro^{(l)}>-1(0<\beta<\pi/2)$ $\alpha$ $\beta$ . - ,
$Ro^{(l)}<-1(-\pi/2<\beta<0)$ . ,
$\omega_{2}’,$ $\omega_{3}’$ , .
,
, . $3.6(\mathrm{b})$ (9) ( $f-s_{)\partial}u_{i}’/\partial x_{3}$ ,





(a) $St=4$ (d) $St=7$
(b) $St=5$ (d) $St=8$
(c) $St=6$
37 $u_{1}’$ $(\omega_{2}’, \omega_{3}^{l})$ $x_{1}=83\sim 152$ . $u_{1}’>0$
$u_{1}’<0$ . (a) $St=4$ ; $x_{1}=83,$ $(\mathrm{b})Sb=5$ ; $x_{1}=101,$ $(\mathrm{c})Sb=6$ ; $x_{1}=120,$ $(\mathrm{d})St=7$ ;




. 37 $u_{1}’$ $(\omega_{2}’,\omega_{3}’)$ $St=4$ 8 ,
$x_{1}=83\sim 152$ . $u_{1}’>0$ , $u_{1}’<0$ .
, $x_{2}$ , $x_{3}$ .
$St–4$ $x_{1}=83,$ $St=8$ $x_{1}=152$ .
(20) , , $x_{2}$ ,
$x_{2}$ . , ,
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